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IMAGE ACQUISITION UNIT WITH HEATING DEVICE FOR MONITORING THE 



Scope of the invention 

The present i^nvention relates to an image acquisition unit with heating 
device for providing thermal energy to a transparent element and/or optical 
system through which the unit acquires information, with the target to avoid 
lacking transparency problems, due to ambient and climatic factors. 

The image acquisition unit of the present invention is applicable to the 
exterior monitoring of a vehicle. 

Background of the invention 

It is well known to use at least one image acquisition unit including an 
image detector, as an analogue camera or a CCD or CMOS technology device, . 
located in a place of the vehicle's exterior, in order to obtain digitized data 
representative of some captured images by said image detector, being said data 
susceptible to be treated later on by electronic means to provide, for example, 
warning signals for the conductor or a rear image shown on a screen. 

It is usual to incorporate one of said image acquisition units in a exterior 
rear view mirror unit of the vehicle, in order to provide digitized data 
representative of a rear image, apart from the rear image reflected by the 
reflector. Due to the fact that the image acquisition unit is located in the exterior 
of the vehicle, although it is protected up to a certain poiht against humidity by a 
specific casing and/or a casing of the rear view mirror, it is exposed to ambient 
and climatic conditions, which lead to well known problems that may leave the 
image acquisition unit out of order. The most frequent problems are the following: 

- appearing of a dew, frost or ice layer in an exterior glass of the image 

acquisition unit due to elevated exterior humidity conditions in combination 
with low temperatures; 

- steaming up in different surfaces which form the optical system of the image 

acquisition unit, due to the presence of humidity in the interior of the casing 
and to temperature differences between the interior and exterior of the 
casing; 
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- accumulation of water drops or sno\A^akes on the exterior glass of the image 

acquisition unit, due to rain, snow, water sprinkles, etc.; 

- accumulation of dust, dirt, etc. 

The reflector surface of the rear view mirror is also exposed to the majority 
of previous stated problems and it is known to incorporate some heating means, 
for example, in the form of a configuration of serigraphic resistive paste or ink 
lines on the rear surface of the reflector and connected to a vehicle's direct 
current power supply, analogue to the one used in the electrically heated rear 
window. 

There is the need to dispose of some means to avoid lacking 
transparency problems, due to ambient and climatic factors in an exterior glass 
surface or in the optical system of the image acquisition unit. Nevertheless, 
neither on the market, nor through any document, no image acquisition unit is 
known for monitoring the exterior of a vehicle equipped with a heating device for 
that target. 

The aim of the present invention is to provide an image acquisition unit for 
the monitoring of the exterior of a vehicle, provided with a heating device for 
providing thermal energy to a transparent element and/or optical system of the 
unity, in order to avoid lacking transparency problems, due to ambient and 
cliriiatic factors. 

Short description of the invention 

The previous aim, according to the present invention, is achieved by 
providing an image acquisition unit with heating device for monitoring the exterior 
of a motor vehicle, wherein it comprises, in conjunction, a casing with a protected 
interior, a window closed by a transparent elernent and supporting means for 
supporting an optica! system facing said window; ihnage detection means located 
in said casing, facing said optical system, and associated with connection means 
with the exterior, for supplying and/or for signals bidirectional interchange; and 
heating means for providing therrnal energy to said transparent element, or to an 
adjacent zone thereto. 

The mentioned heating means can use different energy sources and 
differeht conduction ways for said energy. According to a preferred embodiment, 
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the heating means comprise at least an electrical heater supplied with direct 
current from said connection means with the exterior of the image acquisition 
unit, which are typically connected with an electrical supply system of the motor 
vehicle. Even though, said electrical heater could be continuously ON during all 
5 the time in which the electrical supply system of the motor vehicle was 
connected, it is preferred to incorporate some control means to control the 
operation of said electrical heater, so that it only operates when ambient and 
climatic conditions require this. 

A simple way to incorporate said control means comprises providing an 

10 on-off switch to cohtrol the activation time of said supply current of the electrical 
heater. This on-off switch may be, for example, associated witch a thermostat, 
for its automatic activation as a function of a local temperature in the image 
acquisition unit, or at a vehicle's user disposal, for its voluntary activation as a 
function of a subjective appreciation, of the user. In this second case, the on-off 

15 switch may be common for at least another heating device of the vehicle, as, for 
example, a rear window heating system and/or an exterior rear view mirror 
• heating system. In this way, when the motor vehicle's user considers that the 
ambient or climatic conditions are adverse, by activating a single switch he may 
activate of deactivate the various systems destinated to avoid lacking 

20 transparency problems in different elements of the motor vehicle. 

Another more complex embodiment for said control rheans comprises the 
use of a central processor of the vehicle, for example, in case that said processor 
is incorporated in the vehicles production model, as it is more usual every day. In 
this embodiment, the control means comprise a man-machine interface to 

25 provide different parameters to the mentioned central processor of the vehicle, 
which is provided with an adapted program to control the supply current of the 
electrical heater through time as a function of the result of an analysis and 
processing of said parameters, which may come from, for example, one o more 
detectors associated to the image acquisition unit and/or to other parts of the 

30 . vehicle, and/or from an instructions and data input device at a vehicle's user 
disposal. Generally, these parameters include, at least, the temperature in the 
interior of the casing of the image acquisition unit and the exterior ambient 



temperature, and can include, furthermore, the interior and exterior humidity and 
others. 

According to an embodiment, said electrical heater comprises at least an 
electrical resistance applied directly on said transparent element, 
advantageously in the form of an open ring of serigraphic resistive ink or paste 
on the internal face of said transparent element. The mentioned resistive ink or 
paste may be, for example, of the type including graphite, Cu. Ag or Cu-Ag. In 
case the resistive ink or paste is weldable, connection lines will be directly 
connected to the ends of said open ring of resistive ink or paste. When the 
resistive ink or paste is not weldablej a layer of weldable conductive ink or paste 
will be incorporated at least at the ends of said open ring of resistive ink or paste, 
in order to execute the connection of said wires.. Advantageously, said layer of 
weldable conductive ink or paste will be, furthermore, be extended alohg one or 
more variable length sections of the open ring of resistive ink or paste, in order to 
reduce its resistance and, therefore, adjust the heating power to a requested 
value. In those cases in which it may be seen as necessary^ the resistance may 
comprise a layer of a protective mask material applied on said resistive ink or 
paste and/or conductive ink or paste, with the aim of jDrotecting the electrical 
resistance against saline mist, kesternich chamber, etc., according to standard 
tests executed in the automotive sector. 

As an alternative, the electrical heater may comprise at least one electrical 
resistance applied in a wrapping manner on an external or internal surface of a 
zone on the casing adjacent to the transparent element. At any rate, when an 
electrical resistance is used as heating element, the material of which the 
electrical resistance is made of, also influences oh the heater's temperature 
control. For example, if the electrical resistance is of a material like PTC (Positive 
Temperature Coefficient), the resistance of which increases with the increase of 
its temperature, the heater shows a relatively short reaction time until reaching its 
stabilization temperature in comparison to a constant resistance material, which 
has a longer reaction time, but reaches a higher stabilization temperature. 

According to an embodiment without electrical resistance, the heating 
means comprise at least one element consisting of a good heat conductive 
material to transfer heat from a zone of the casing, where said image detection 



means are located, to an adjacent zone to the transparent element, or close to it. 
Herewith, it is possible to make use of the heat dissipation generated by the 
memory chips and other specific applications included in the image acquisition 
unit to heat the zone where the optical elements of the unit are located. For this 
heat exchange a Peltier cell may be used. 

Finally, according to another embodiment without electrical resistance, the 
heating means comprise an air expulsion nozzle located near the transparent 
element and connected to a heating or air conditioning system of a vehicle's 
compartment to create a warm air barrier facing the outer face of the transparent 
element. This system avoids the condensation of the humidity or the creation of a 
dew or ice layer on the transparent element and, furthermore, this air curtain 
provides an additional protection against water drops, no matter if due to the rain 
or to other sprinkling causes, and dust particles and dirt. 

In those embodiments in which the heater is directly applied on the casing 
of the inriage acquisition unit, it is advantageous, that the material of said casing 
has a good heat transfer coefficient. It could be considered that the heat 
transferred by the casing from the zone where the electronic devices are located, 
was sufficient to heat the transparent element sufficiently to avoid the mentioned 
ambient and climatic problems, without the need of using an electrical heater. 

Short description of the drawings 

The previous and other characteristics and advantages turn out to be 
more clear from the following detailed description of some embodiments with 
reference to the accompanying drawings, in which: 

Fig. 1 shows a transversal section view of the image acquisition unit 
according to an embodiment of the present invention including an electrical 
heater applied on the transparent element; 

Figs. 2 to 6 are inferior plant views of different variants of the transparent 
element with electrical heater of the unit of Fig. 1; 

Figs: 7 and 8 show transversal section views of the image acquisition unit 
according to embodiments of the present invention, including an electrical heater 
applied on the casing; and 



Fig. 9 shows a schematic view of the image acquisition unit according to 
another embodiment of the present invention, including a warm air expulsion 
nozzle near the transparent element. 

Detailed description of some embodiments 

Referring to figures 1 and 7 to 9, an image acquisition unit is shown with a 
heating device for monitoring the exterior of a motor vehicle comprising, 
generally, a casing 1 which provides a protected interior, with a window 2 closed 
by a transparent element 3, as for example a protecting glass, and support 
devices 4 to support an optical system 5 facing said window 2. Located in said 
casing 1 are image detection means 6 including an image detector 1 1 , such as 
an analogue camera or a CCD or CMOS technology device, located in front of 
said optical system 5 and electronic components associated with connection 
devices with the exterior, such as a flat tape wiring 12 ending in a connector 13, 
for the supply and/or signals bidirectional exchange. The unit includes, finally, 
heating devices to provide thermal energy to said transparent element 3, or to an 
adjacent zone thereto, aiming at avoiding lacking transparency problems arising 
from ambient and climatic factors. 

It has to be pointed out that, together with said heating devices, regarding 
sorrie embodiments described in detail later on, other factors influence the 
protection of the transparency conditions of the protecting glass 3. Orie of those 
factors is the positioning of the protecting glass 3 in a position as exterior as 
possible of the casing 1 , so that the accumulation of water, show and dust facing 
the transparent element 3 is avoided. Herewith, furthermore, the cleaning of the 
transparent element 3 is made easier from the exterior of the camera. It is also 
an advantageously fact that the exterior surface of the transparent element 3 is 
treated with a hydrophilic, water-repellent and antireflection system. 

The mentioned heating means may be of various types. According to a 
first type, the heating means comprise at least one electrical heater supplied with 
direct current from said connection devices with the exterior, which may be 
shared with the connection means of the image detection means 6 or 
independent ones. According to a second type, the heating means use the heat 
transfer from existing heat sources in the motor vehicle or in the image 



acquisition unit itself to said transparent element 3, or to an adjacent zone 
thereto. 

When using an electrical heater, preferably some control means (not 
shown) are included to control its operation. The mentioned control means may 
comprise, for example, an on/off switch to control the activation time of said 
supply current of the electrical heater, and this on/off switch may be associated 
with or integrated in a thermostat or located in the control panel of the motor 
vehicle at a vehicle's user disposal. Advantageously, said on/off switch is 
common for one or more heating devices of the vehicle, as for example a heating 
system of a rear window or a heating system of an exterior rear view mirror. 

According to another variant, said control means use a central processor 
of the vehicle, or board computer, associated with an man-machine interface to 
provide different parameters arising from one or more detectors associated to the 
image acquisition unit and/or to other parts of the vehicle, and/or from an input . 
device at a vehicle's user disposal, to said computer, in which an adapted 
program has been loaded to control said supply current of the electrical heater 
throughout time as a function of the result of ah analysis and a processing of 
said parameters, covering typically at least the temperature inside the casing 1 of 
the image acquisition unit and the exterior ambient temperature. 

According to another embodiment shown in Fig. 1, the electrical heater 
comprises . an electrical' resistance 7 directly applied on the internal face of the 
transparent element 3. The present invention foresees different types of applying 
this electrical resistance on the transparent element. 

In Fig. 2 the transparent element 3 of Fig. 1 is shown, on which the 
electrical resistance 7 has been located in the form of an open ring of resistive 
ink or paste, which may be applied by, for example, a well known serigraphic 
technique. In case that the mentioned resistive ink or paste is weldable, a pair of 
connection lines 8 are connected, by welding directly to the ends of said open 
ring of resistive ink or paste 7, although they could also be connected by other 
conventional means, such as for example by an conductive adhesive. 

Fig. 3 shows an electrical resistance 7 applied on the transparent element 
3 in an analogue way to the one described in relation to Fig, 2, however, in this 
case the resistive ink or paste is not weldable, as it frequently occurs with this 
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technique. For the connection of the connection lines 8, the heating element 
comprises a layer of a weidable conductive ink or paste applied on the ends 16 
of said open ring of resistive ink or paste 7, and the connection lines 8 are 
connected to said layer of weidable conductive ink or paste 16. 
5 Fig. 4 shows an electrical resistance 7 applied on the transparent element 

3 in an analogue way to the one described in relation to Fig. 3, however, in this 
case, the layer of weidable conductive ink or paste is furthermore extended 
along one or more sections 17 of the open ring of resistive ink or paste 7, aiming 
at the reduction of its resistance and, therefore, the adjustment of the heating 

10 power to a required value. Advantageously, the application of a layer of weidable 
conductive ink or paste on the ends 16 of said sections 17 of the open ring of 
resistive? ink or paste 7 is carried out in a single operation. 

Fig. 5 shows an electrical resistance 7 applied on a transparent element 3 
in an analogue way to the one described in relation to Fig. 4, however, including 

15 a layer of a protective mask material 18, or protective ink or paste, on said 
resistive ink or paste 7 and/or conductive ink or paste on sections 17 thereof, 
aiming at protection the electrical resistance 7. The layer of weidable conductive 
ink or paste on the ends 16 of the electrical resistance 7 could also be covered 
with said protective mask 18 ih case it would be applied after the welding of the. 

20 connection lines 8. 

Fig. 6 shows another variant in which said electrical resistance has the 
forhi of a laminar layer of a resistive transparent material 19 applied oh an 
internal face of said transparent element 3 covering it completely. On opposite 
zones of the laminar layer of resistive material 19, and in connection to itself, a 

25 pair of conductive ink or paste electrodes 15 are placed, and connection lines 8 
are connected to said electrodes 15i so that if electrical current is applied,, 
substantially all the area of the laminar layer of a resistive transparent material 
19 is heated. A known and appropriate resistive transparent rriaterial is the 
indium and tin oxide, usually named ITO. 

30 A possible way of passing the connection lines 8 from the interior to the 

exterior of the casing 1 is shown in Fig. 1, where the connection lines 8 pass 
through an opening 21 existing in a cap 22, which closes the support means 4 of 
the optical system 5, and in which window 2 is located with the transparent 
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element 3. The connection lines 8, once in the exterior, are protected inside of 
slots 23 existing in said cap 22 and in casing 1, to which they are fixed by a 
clamp 24 or similar. Alternatively, the connection lines 8 could pass internally 
through a slot in axial direction (not shown), made in a screw thread between the 
. 5 . cup 22 and the external surface of the support means 4 of the optical system 5, 
or between an internal surface of the support means 4 of the optical system 5 
and the optical system itself. In this last case, the connection lines 8 could be 
connected, for example, to the connection wiring of the image detection means 6 
without exiting to the exterior of the casing. 

10 In Figs. 7 and 8 two more embodiments are shown in which the electrical 

heater comprises at least one electrical resistance 9, 10 applied in a wrapping 
manner on a zone of the casing 1 adjacent to the transparent element 3. In the 
embodiment of the Fig. 7, said electrical resistance 9 is applied on an external 
surface of that zone of the casing 1 which accommodates and protects the 

15 optical system 5 facing the window 2, and being located adjacent to the 
transparent elerrient 3 which closes window 2. The union of the heating unit to 
the exterior of the casing 1 nriay be carried out, for example, by the application of 
isolating and conductive ink or paste layers, aiming at fulfilling homologation 
tests. Here, it will be also necessary to connect a pair of connection lines 8 for 

20 the supply of the electrical resistance 9. In the embodiment of Fig. 8, the 
electrical resistance 10 is applied on an internal surface of said zone of the 
casing 1 adjacent to the transparent elernent 3, for example, on an interior zone 
of the cap 22. Resistance 10 may consist of a resistive wire applied, if necessary, 
on an isolating ink or paste layer, or of a heating system consisting of different 

25 impressed isolating and conductive ink or paste layers. At any rate, two 
connection lines 8 will be connected to the heater's supply. 

In any of the above mentioned embodiments based on one or more 
electrical resistances, said electrical resistance nhay be of a material, the 
. resistance of which increases with the increase of its temperature,, or of a 

30 material the resistance of which remains, substantially, constant with its 
temperature variations. 

According to another embodiment, not shown, of the present invention, 
the heating means do not include an electric heater, but rather comprise at least 
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one element of a good heat conductive material to transfer heat from a zone of ■ - 
the casing 1, where said electronic components of said image detection means 6 
are located, to an adjacent zone to the transparent element 3, or close to it. 
Advantageously, said good heat conductive material is the same material the 
5 casing 1 is made of, which, if -it is provided with a high enough heat transfer 
. coefficient, is able to properly dissipate the heat generated by the electronic 
components and, at the same time, to transfer part of it to the zone of the casing 
1 adjacent to the transparent element 3. To reach this aim, as appropriate 
materials for the manufacture of the casing 1, can be mentioned, for example, 

10 ZAMMAK, aluminum and various thermally conductive plastics. Generally, even 
in the embodiments including an electrical heater, it turns out to be 
advantageously if the material of the casing 1 is provided with a high heat 
transfer coefficient. 

The mentioned heat transfer from the zone of the casing 1, where said 

15 electric conriponents of said image detection devices 6 are located, to the 
adjacent or close zone to the transparent elenient 3, may also be executed 
according to another, not shown, embodiment, using a Peltier cell. 

Finally, Fig. 9 shows another embodiment without electrical heater, in 
which the heating means comprise an air expulsion nozzle 20, located in the 

20 exterior of the casing 1 near the transparent element 3. The mentioned air 
expulsion nozzle 20 is connected to a heating or air conditioning system of a 
vehicle's compartment through specific conductions 25. Casing 1 is mounted on 
an external structure 14 of the vehicle, so that the transparent element 3 is facing 
an opening 26 of said external structure 14 of the, vehicle, which defines a visor 

25 27 and a gutter 28 around the mentioned opening. So, when a motor vehicle's 
occupant turns on the heater or air conditioning to increase the temperature 
inside the compartment in relation to the exterior ambient temperature, the 
expulsed air by the air expulsion nozzle 20 creates a warm air curtain facing the 
external face of the transparent element 3, acting as a barrier avoiding the 

30 condensation of humidity and/or the creation of a layer of dew or ice on the 
transparent element 3 and, furthermore, provides an additional protection against 
water drops,, no matter if the drops arise from rain or other sprinkling causes, and 
against dust particles and dirt. 
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The previous embodiments have a merely illustrative and not limiting 
function regarding the scope of the present invention and a person skilled in the 
art may introduce variations and modifications without departing said scope 
defined in the attached claims. 



